LESQUERIA: AN EARLY ANGIOSPERM FRUITING
AXIS FROM THE MID-CRETACEOUS!

PETER R. CRANE? AND DAVID L. DILCHER?

ABSTRACT

Lesqueria elocata (Lesq.) Crane & Dilcher, an early angiosperm fruiting axis, is described from the
mid-Cretaceous (Upper Albian-Middle Cenomanian) Dakota Formation of central Kansas and the
Woodbine Formation of northeastern Texas. The species is based on three-dimensional molds pre-
served in sandstone. The fruits (multifollicles) comprise 175-250 follicles borne helically, in a tight,
more or less spherical or ovoid head. The receptacle below the gynoecium is cylindrical, elongated,
and bears numerous, helically arranged, persistent laminar flaps. The bases of these flaps are diampnd-
shaped at their attachment to the receptacle, but it is not known whether they are stamens or peqanth
parts. The follicles are short stalked, with two terminal prolongations, and dehisced along a single
adaxial suture. The follicles contained 10-20 seeds arranged in two longitudinal rows. The former
assignment of L. elocata to Williamsonia (Bennettitales) is rejected and Lesqueria is shown to be most

similar to Recent magnoliid angiosperms. Lesqueria is one of a diverse group of extinct mid-Cretaceous
magnolid flowering plants.

Until recently, knowledge of early angio-
sperms has been almost exclusively restricted to
1solated pollen grains and leaves. Although some
conclusions may be drawn about the systematic
relationships of the plants from which these or-
gans were derived, progress in interpreting the
systematic affinities of the earliest flowering plants
has been considerably inhibited by a lack of
knowledge of their reproductive structures. In

difficulties for the determination of imperfectly
known fossil material. In his review of the ben-
nettitalean genus Williamsonia, Seward (1917)
excluded several species, including W. elocala
Lesq. from the Dakota Sandstone Flora of Kan
sas. Wieland (1928) described a species similar
to W. elocata from the same flora as W. hespe(a
and also expressed doubt as to its relationship
with Williamsonia. In this paper we reinterpret

this paper we describe an early angiosperm fruit
from the mid-Cretaceous of central United States.
The fruit (multifollicle) comprises a receptacle
with a terminal cluster of tightly packed follicles.
We discuss its systematic relationships and brief-
ly evaluate its evolutionary significance in rela-
tion to the known fossil record of early angio-
sperm reproductive structures.

One element in the early formulation of mag-
noliid floral theory was the superficial similarity
of generalized Magnolia-like flowers to the ‘Alow-
ers’ of the Bennettitales (Arber & Parkin, 1907).

Although it is now clear that these two kinds of

reproductive organs are very different in detailed
structure, their superficial similarity creates some

both of these species based on five specimens
from the Dakota Sandstone Flora, includipg the
type material of W. hespera, and two specimens
from the Woodbine Formation of Texas. Both
are interpreted as angiosperm fruits and united
as a single species Lesqueria elocata (Lesq.) Crant
& Dilcher.

MATERIAL

The seven specimens described in this pap.er
are preserved as three-dimensional molds 17
sandstone. Five are from the classic Dakotd
Sandstone Flora of Kansas, the other two ar¢
from the Woodbine Formation of Texas.

Almost all of the large plant fossil collections
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from the Dakota Sandstone (Dakota Formation)
are preserved as impressions or molds in a fine-
to medium-grained ferruginous sandstone.
Although we have seen similarly preserved
material in situ in sandstones at various central
Kansas localities, the specimens considered here
are from the collections of the University of Kan-
sas at Lawrence (UKDSC), the Field Museum of
Natural History, Chicago (FM-P), the Peabody
Museum of Natural History, Yale University,
New Haven (PMNH), and the United States Na-
tional Museum (USNM). Large collections of the
‘Dakota Sandstone Flora’ were assembled by
Sternberg and others in the mid-nineteenth cen-
tury (see Andrews, 1980) principally from sur-
face weathered sandstone blocks in Ellsworth
County. The locality for these specimens is often
simply given as Ellsworth County, with no fur-
ther details. Brief descriptions and discussions
ofthe Dakota Sandstone Flora are given by Meek
and Hayden (1858), Newberry (1859, 1860a,
1860b), Heer (1861), Marcou (1864), Capellini
and Heer (1867), Bartsch (1896), Gould (1900a.,
1900b, 1901), Berry (1920), Tester (1931), and
Bax.ter (1954). More extensive reports and illus-
trations were given by Lesquereux (1868, 1874,
1878, 1883, 1892), Newberry (1868), and Gress
1922). The flora is dominated by angiosperm
leaves and over 400 species have been described
(Lesquereux, 1892).

I?Cspite considerable lateral sedimentological
vanation, the Dakota Formation in Kansas is
Seqemuy divided into two members, neither of
which constitute mappable units (Franks, 1975);
the Terra Cotta Clay Member below and the
Janssen Clay Member above (Plummer & Ro-
mary, 1942). Sandstones occur throughout both
members but the classic Dakota Sandstone Flora
IS probably principally from the sandstone facies
of the Janssen Clay Member. The age of the Da-
kota Formation in Kansas is firmly bracketed as
N0 older than late Albian (Scott, 1970a, 1970b;
wﬂl’d., 1981) and no younger than Cenomanian
(Hattin, 1965, 1967; Eicher, 1975). It seems like-
ly that the Dakota Formation in this area strad-
dles the Upper and Lower Cretaceous boundary
\Zeller, 1968; Kauffman et al., 1976).

& Two Specimens of L. elocata are known from
¢ Woodbine Formation (Woodbine Sand) of
'\‘loﬂheast Texas. One was kindly donated by Ms.

- Hamilton (IU 15726-4419); and the other
gLSJgNM 3263 I 7) was identified by Brown (1958:
b' )as Isoetites sp. Fossil plants from the Wood-

‘i€ Formation have been described by Knowl-
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ton (1901), Berry (1912, 1917, 1922), Winton
(1925), and MacNeal (1958). The flora is dom-
inated by angiosperms, and over 80 species of
leaves and other organs have been recognized
(MacNeal, 1958). The Woodbine Formation
comprises diverse sediments divided into four
members, from the base upward; the Dexter
Member, the Euless Member (more or less lat-
erally equivalent to the Red Branch Member),
the Lewisville Member, and the Templeton
Member. The Templeton, Lewisville, and Euless
Members are predominantly marine in origin,
whereas the Red Branch and Dexter Members
are predominantly non-marine sands, clays, and
carbonaceous shales. Most of the plants, and
probably our specimens, are from the Red Branch
or Dexter Members. Although there are some
plant species unique to the Woodbine Forma-
tion, the flora 1s very similar to the typical ‘Da-
kota Sandstone Flora’ of Kansas and Nebraska
(MacNeal, 1958). Marine and brackish water in-
vertebrates from the upper part of the Janssen
Clay Member suggest a correlation with the
Woodbine Formation 1in northeast Texas (Hat-
tin, 1965). The age of the Woodbine Formation
1s generally regarded as Cenomanian (Stephen-
son, 1952; Hedlund, 1966; Pessagno, 1969). All
of the matenal described 1n this paper, therefore,
comes from sediments of similar age, probably
equivalent to zone IlI, of the palynological zo-
nation established by Brenner (1963), Doyle
(1969), Doyle and Robbins (1977), and others
for the mid-Cretaceous of the Atlantic Coastal

Plain.

SYSTEMATICS

The measurements given in the description are
based on all seven specimens, with ranges and
common dimensions given whenever possible.

Lesqueria Crane & Dilcher, gen. nov. TYPE: Les-
queria elocata (Lesq.) Crane & Dilcher.

DIAGNOSIS: Fruit consisting of a receptacle
bearing a tight, ovoid, cluster of follicles at the
apex, and other floral organs below. Receptacle
stout, elongated, consisting of a distal, swollen,
ovoid, gynoecial zone bearing follicles; with an
elongated, more or less cylindrical zone below,
bearing numerous helically arranged laminar
flaps. Bases of the flaps diamond-shaped, form-
ing a distinctive pattern on the receptacle. Base

of flower delimited by a narrow transverse ridge.
Follicles narrowly ellipsoidal with a distinct
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adaxial suture; very short stalked and with elon-
gated bifid tips.

DERIVATION: After Leo Lesquereux who orig-
inally described the type species.

Lesqueria elocata (Lesq.) Crane & Dilcher, comb.
nov. NEOTYPE: UKDSC 203 —Ellsworth
County, Kansas.

DIAGNOSIS: As for the genus.

SYNONYMS: Williamsonia elocata Lesq.

Williamsonia (?) hespera Wieland.

REFERENCES: Williamsonia elocata Lesquereux
(1892: 89, pl. 2, figs. 9, 9a) (brief description,
discussion, and line drawings).

Williamsonia elocata Lesq. (Wieland, 1928:
39-41, fig. 5) (discussion and line drawing).

Williamsonia (?) hespera Wieland (1928: 41-
47, higs. 7-10) (description, discussion, and pho-
tographs).

Williamsonia elongata Lesq. (Seward, 1917:
462) (rejects the assignment to Williamsonia: or-
thographic error).

Isoetites sp. (Brown, 1958: 359) (brief men-
tion).

OTHER MATERIAL: PMNH 2403-2405, Dakota
Formation, Kansas; FM-P3056, Dakota For-
mation, Ellsworth County, Kansas; USNM 2782,
Dakota Sandstone, Fort Harker, Kansas; USNM
50598, Dakota Formation, Ellsworth County,
Kansas; USNM 326817, Woodbine Formation,
5 miles SE of Dexter, Texas; IU 15726-4419,
Woodbine Formation, Denton County, Texas.

NUMBER OF SPECIMENS EXAMINED: 7.

FIGURES: 1-32, 42A-G, 47.

DESCRIPTION: Fruit borne at the apex of a stout
vegetative axis, ca. 10 mm diam., which also
shows the bases, or former attachment, of 4 other
fruits. Surface of axis with a few transverse
grooves and ridges immediately below the re-

—

FIGURES 1-3. Lesqueria elocata Crane & Dilcher, comb. nov., UKDSC 203, Dakota Sandstone, central

Kansas.—1. Ovoid head of clustered. narrowly elliptical, follicles prior to fracturing, A-A indicates plane of

fracture; bases of follicles and their attachment to the receptacle missing; x2.5.—2. Longitudinal fracture of 2
three-dimensional mold. showing curved follicles borne on the terminal, swollen, gynoecial zone of a l{mS
receptacle. Below the gynoecial zone note: the bases of the numerous helically arranged flaps and the penetration
of sandstone matrix approximately midway along the cylindrical portion of the receptacle (B), the constriction
at the receptacle base and point of attachment to the vegetative branch (C); x1.5.—3. Counterpart of Figure 2,
note the attachment of the receptacle to the vegetative branch and the bases of other receptacles projecting 1nto

the sediment, see Figure 8 for details; x1.5.

FIGURES 4-8. Lesqueria elocata Crane & Dilcher, comb. nov., UKDSC 203, Dakota Sandstone, oc.ntrﬂ
Kansas.—4. Ovoid head of follicles seen obliquely from above after the transverse fracture along A-A .(Flg: )
but before longitudinal fracture. Note the diamond-shaped bases of the flaps on the upper part of the C)'lmd““l
receptacle, and the molds of individual follicles; x1.—5. Counterpart of transverse fracture in Figure 4 secf
from below, showing molds and locule casts of individual follicles; x 1.—6. Detail of transverse fracture plan¢
in Figure 4 showing paired, triangular cavities caused by the curved, double follicle tips. Note the lower parts

into the two follicle tips; x 5.—7. Detail of longitudinal fracture in Figure 2 showing the gradual change in tlh:
shape of the flap bases along the cylindrical receptacle. Note the short flaps (E) toward the base of the reoeptac‘t;
at the apex the longest flaps (F) form a collar around the base of the head of follicles; x2.5.—8. Compos!

photograph, from different orientations of the specimen in Figure 3 showing (C) the base of the receptacle
(G) the bases or attachment points of three other receptacles; x 2.

FIGURES 9-14. Lesqueria elocata Crane & Dilcher, comb. nov., UKDSC 203, Dakota Sandstone, centrl

Kansas.—9. Detail of transverse fracture plane in Figure 5 (A-A. Fig. 1) showing several follicles seen from

penetrated the follicles both adaxially anq apically
h internal and external features of the fqlhclcs Cﬁﬂ
vities are formed by the upcurved double tips of f0
of Figure 9 in different orientation showing cavities

attached lower down on the receptacle; x5.—10. Part

to
be
icles
ina

locule cast interpreted as those of seeds (H); x5.—11. Part of Figure 9 in different orientation showing the

outline of a seed in th.e locule cast formed by the distorted fruit wall (I), and the fine double gr oove form cdoz
the two external adaxial ridges on the follicles (J); x5.—12. Detail of part of Figure 9 showing the impress!

of the two adaxial ridges; x 30.—13. Detail of part of the specimen in Figure 9 seen obliquely from bclm
showing the grooves (J) left by the adaxial ridges of the follicles, and penetration of sediment through the licle
suture; x3.—14. Detail of part of Figure | showing sections of the cavities left by follicles. Note in each folli¢
the impressions of two adaxial ridges which comprise the adaxial crest, one abaxial ridge, and tWO la

ridges; x4,
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FIGURES 15-24. Lesqueria elocata Crane & Dilcher, comb. nov., Dakota Sandstone, central Kan:

PMNH 2403, transverse fracture
the paired cavities formed by the
of curved follicles: notice that the

: ” ih
of a head of follicles seen from above. showing cavities left by fo

double follicle tips; x 1.—16. FM-P3056, transverse fracture through

: | . . - of t
'ractures become increasingly tangential toward the circumference

e
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ceptacle, otherwise more or less smooth. Maxi-
mum length of vegetative axis preserved, 28 mm.
Total length of longest specimen seen, 88 mm.

Receptacle stout, elongated, to 56 mm long;
comprising a distal, swollen, ovoid, gynoecial
zone bearing follicles, with an elongated more or
less cylindrical zone below. Gynoecial zone of
receptacle to 14 mm long, to 25 mm diam. (max-
imum), bearing ca. 175-250 follicles tightly
packed into a more or less spherical or ovoid
head, ca. 37-65 mm diam., and to 35 mm high.
Follicles borne helically, diamond-shaped in sec-
tion at their attachment to the receptacle. Gy-
noecial zone abruptly or gradually tapered into
the apex of the cylindrical zone below.

Receptacle below the gynoecial zone 40-42
mm long, ca. 8 mm diam., broadening slightly
where it joins the gynoecial zone and bearing
L10~150 helically arranged laminar flaps which
have distinctive diamond-shaped bases where
they are attached to the receptacle. Diamond-
sl?aped bases 2-4 mm high, 2-4.5 mm wide
d.lstally; generally about as wide as high, occa-
stonally higher than wide: gradually becoming
shorter and wider toward the base where they
are !.5-3 mm high, 3.5-6 mm wide.

Dls.tal flaps expanded at their apex into a
Prominent lamina to 20 mm long,and to 17 mm
wide Qargest flap incomplete in length and width),
Occasionally with a weak adaxial keel. Proximal
flaps short, to 2 mm long (always incomplete).
Upper flaps crowded and imbricate, forming a
pPersistent irregular collar below the gynoecial
zone.oLamina surface with a fine granular texture,
ShQWlng no obvious venation or other morpho-
logical features,

Base of receptacle constricted where it joins
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the vegetative axis and with a narrow transverse
ridge below. Base of receptacle showing a central
pith surrounded by 10 xylem wedges. Xylem cyl-
inder surrounded by softer tissue.

Follicles narrowly ellipsoidal, more or less
straight or with strong upward curvature in the
distal third, particularly toward the base of the
follicle cluster. Individual follicles 9-24 mm long,
1.5-4 mm wide. Follicles contracted just above
the attachment to the receptacle into a very short
stalk-like constriction 2 mm long, and extended
apically into an elongated bifid tip. Stalk | mm
wide at i1ts midpoint, broadening proximally to
a diamond-shaped attachment to the receptacle,
1-2 mm high, 1-2 mm wide. Follicles with two
narrow terminal prolongations 3-5 mm long
forming a distinct bifid tip. Each prolongation
triangular 1n cross section, ca. 0.5-1 mm thick
(maximum); the inner surface of each pair par-
allel, and ca. 0.5 mm apart. Follicles attached to
the receptacle at high angles of ca. 70-90°.

Follicles with a median, longitudinal, adaxial
suture along the entire length, flanked on either
side by a low ridge ca. 0.2 mm high, and 0.2 mm
broad, forming an adaxial crest. Follicles de-
hiscing adaxially from the distal end along the
suture; also splitting apically between the 2 pro-
longations. Follicles diamond-shaped in trans-
verse section, to 4 mm high, slightly higher than
broad. Abaxial follicle surface generally feature-
less externally or with a single ridge, frequently
with a weak median groove internally. Lateral
margins with a prominent ridge in their median
part; ridge less conspicuous toward the apex and
base. Internal locule surface smooth or rugulate-

striate. Locule uninterrupted.
Follicle wall ca. 0.2 mm thick, thickening at

—_—
f" l.—~17. Specimen in Figure 15 rotated through approximately 90°, showing lateral views of numerous curved
OUICles, and position of fracture surface in Figure 18 (B-B); x 1.—18. PMNH 2403-5 seen from above, showing

the position of various fragments and the section, A-A. The exposed fracture surface shows a collar formed by

tlt;e lami?‘ae of persistent flaps attached immediately below the gynoecial zone (line B-B in lj'ngs. 17, .24.); x|, —
= -Specimen in Figure 17 rotated through approximately 45°, showing numerous curyed follicles radiating frqm
hc "eCeptacle; x 1.—20. PMNH 2405, fracture surface B-B (Figs. 17, 18, 22) seen obliquely from above showing
"1¢ cylindrical portion of the receptacle with the bases of numerous helically arranged flaps, the upper flaps form

© Prominent, pers;i

stent, overlapping flaps of the collar, as seen in face view in Figure 18; x1.—21. Surface

detail of flap laminae showing a granular texture finer than that of the sandstone matrix, x 2.5.—22. Specimen

in F Igure 20 rotated
“Ylindrica] portion

‘ : : tion A-A, the curved
through approximately 45°, showing a lateral view of the surface of section ,
of the receptacle and the position of fracture plane B-B; * 1.—23. PMNH 2405, same

PeCimen as F igure 22 showing the base of the receptacle from above, note the differential penetration S e

:nlo the receptacle
Mierpreted as xyle

base which shows three zones: a central core interpreted as pith, a ring of discrete wedges
m, and an outer zone interpreted as cortex; x 1.—24. PMNH 2404, counterpart of Figure 22,

showing a lateral view of the surface of section A-A, the curved cylindrical portion of the receptacle and the

POsItion of the fracture plane B-B: x1.
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FIGURES 25-32. Lesqueria elocata Crane & Dilcher, comb. nov., [U 15726-4419, Woodbine fOU“a"Oﬂ'

Denton County, northeast Texas.—25. Lateral view showing abraded outer surface; x 1.—26. Specimer S‘tgeersl
from bclow. showing rad.iating follicles and receptacle cavity, note the remains of the flaps (F) between the folt
cylinc . tacle: A-A line of fracture surface; x 1.—27. Fracture of specimen
A-A (Fig. 26), show'{ng the cavity formed by the swollen gynoecial zone of the receptacle, radiating o= ure
and the upper part of the cylindrical portion of the receptacle: x1.—28. Counterpart of fracture plane 110 Fig =
27, x1.—29. Latex rubber cast showing the ovoid gynoecial zone of the receptacle and the bases of numef(t’he
helically arranged follicles; x1.—30. Detail of Figure 28 showing the bases of the upper flaps borne B

- B
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the distal end. Seeds 10-20, borne in 2 rows along
either side of the median line, slanted adaxially
to abaxially, proximal to distal, 3 mm long, 1.5
mm wide.

DISCUSSION: None of the specimens have plant
tissues preserved, either organically, or in min-
eralized form, and all of the details reported in
the diagnosis and description are preserved as
cavities or impressions in the encasing sandstone
matrix. In places, particularly in IU 15726-4419,
there 1s a fine-grained ferruginous sheath sur-
rounding the cavities left by the plant tissue, sim-
lar to that reported by Spicer (1977) for Dakota
Sandstone leaf fossils and leaves from Recent
depositional environments. None of the impres-
sions, however, have yielded cellular detail. Al-
though there has been some distortion, none of
the specimens were significantly compressed
during fossilization.

Only UKDSC 203 shows the way in which the
flowers were borne on the vegetative axis (Figs.
3, 8). At the apex of this vegetative axis there
are the bases, or positions of attachment of four
other floral receptacles in addition to the one
more or less complete fruit (Figs. 7, 8). One of
these receptacle bases is 12 mm long and clearly
shows the attachment of the proximal flaps to
the receptacle. The others are 4 mm long or less
and abruptly truncated, suggesting that the fruits
frequently abscised at the receptacle base when
Mature. PMNH 2405 clearly became detached
at t.his point (Figs. 22-24), and the manner in
which the sediment differentially penetrated the
base of the receptacle (Fig. 23) has provided some
information on the anatomical structure at the
base of the flower (Fig. 42D).

In addition to the receptacles or receptacle at-
tilCl?ments, on UKDSC 203 there are three other
Projections into the matrix from the apex of the
YEgelative axis. They are smooth walled, taper
distally, and are all less than 10 mm long. They
Mmay have been formed by buds, or in the case
ofthe smallest, perhaps by a petiole base. At least
one of these holes seems to subtend a floral axis,
but the others do not clearly show a similar re-
‘atlonShip.

The complete proximal cylindrical zone of the

—
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receptacle 1s preserved in UKDSC 203 (Figs. 2,
3), PMNH 2405 (Figs. 20, 22, 24), and USNM
2782, 50598 but the distal gynoecial zone 1s most
complete 1in IU 15726-4419 (Figs. 27, 28). The
two specimens from Texas show slight differ-
ences from the Kansas specimens, for example
IU 15726-4419 has straighter follicles, and the
very short cylindrical portion of the receptacle
preserved in USNM 326817 shows no sign of
laminar flaps. However, the evidence to separate
these two specimens 1s weak and we include them
with the Kansas matenal of L. elocata.

The gynoecial zone of IU 15726-4419 1s slight-
ly compressed laterally from what we assume was
originally a symmetrical rounded cone but merges
gradually at the base with the zone below (Figs.
27, 28, 30). In UKDSC 203 and USNM 50598
the transition into the cylindrical portion of the
receptacle i1s more abrupt (Figs. 2, 3).

The cylindrical portion of the receptacle is
probably equivalent to the *“‘cylindrical scaly
pedicel” mentioned by Lesquereux (1892). The
bases of these flaps, which produce the charac-
teristic diamond-shaped pattern on the recep-
tacle, change in size and shape from the apex to
the base (Figs. 7, 22), but the transition is grad-
ual. In UKDSC 203 the receptacle 1s interrupted
approximately in the middle of this zone and
was blocked by a small plug of sandstone that
must have penetrated through a line of weakness
in the rotting receptacle relatively early in fos-
silization (Fig. 7).

The impressions formed in the matrix by the
flaps gradually become thinner away from their
attachment, and there is no indication of a reg-
ular abscission layer (Fig. 7). We imagine that
the flaps were persistent and rotted or withered
while still attached to the receptacle. A few of
the flaps on PMNH 2405 show a weak adaxial
keel at their base. Their morphology i1s otherwise
unclear and they show no sign either of pollen
sacs or venation (Figs. 18, 21, 42B, (). We do
not know their original size or shape, but cer-
tainly those immediately below the flower were
substantial and formed a prominent collar around
the base of the gynoecium (Figs. 18, 20, 22,42A).
The largest collar of persistent flaps 1s seen in

Teceptacle iImmediately below the follicles; x 3.—31. Detail of Figure 28 showing longitudinal fracture through

three lollicles. Note locule casts (K), very short constrict

ions forming the stalk (L) and the expanded follicle

Yases (M); x 6.—32. Detail of Figure 27 showing molds of expanded follicle bases; x 4.
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PMNH 24035, but smaller flaps occur in USNM
50598, TU 15726-4419 (Fig. 26), and UKDSC
203 (Fig. 7). A specimen figured by Lesquereux
(1892, pl. 2, fig. 9a) may be the base of the gy-
noecial zone, and its collar of persistent flaps,
seen from below.

The transition that the bases of the flaps ex-
hibit along the receptacle could reflect a gradual
change in the size and shape of the lamina. Two
interpretations seem possible to us: either there
was a gradual transition between two kinds of
perianth parts, or a transition from stamens with
broad laminar filaments to tepals. We have no
data to favor one explanation over the other and
have seen no evidence of pollen sacs on the upper
flaps. A bisexual flower would be more consistent
with our interpretation of the systematic affini-
ties of Lesqueria based on the number and ar-
rangement of the carpels. Unisexuality is rela-
tively uncommon among living plants with
polycarpic flowers, but this possibility cannot be
excluded.

The expanded bases of the follicles, the short
stalks, and their attachment to the receptacle are
best seen in IU 15726-4419, which clearly shows
them arranged in helices (Figs. 27, 28. 3132
The follicle bases are similar in PMNH 2405 but
less well preserved. Other details of the follicles
are well preserved in UKDSC 203 (Figs. 4-6, 9)
although the apices are also seen in USNM 2782,
50598, 326817, FM-P3056 (Fig. 16), and PMNH
2405 (Figs. 15, 17). These specimens show nar-
row bilobed terminal prolongations of the folli-
cles that probably correspond to the ‘bristles’
mentioned and figured by Lesquereux (1892, pl.
2, hig. 9). In a few follicles the extreme apex of
each style-like prolongation is shightly expanded,
and 1t 1s possible that this swelling, and perhaps
also the adaxial crest, may have been stigmatic.
T'he two style-like prolongations occur in both
dehisced and non-dehisced follicles so we dis-
count the i1dea that they are formed by splitting
of a single elongated style at maturity.

In dehisced follicles the matrix penetrated
through the open adaxial suture and also distally
between the two apical prolongations (Fig. 9).
Where a complete cast of the locule is formed in
this way, both internal and external features of
the follicle and the thickness of the follicle wall
can be interpreted (Fig. 9). Two follicles on
UKDSC 203 show irregular holes in the locule
hill arranged in a single line on either side of the
median plane (Figs. 10, 42G). They are slanted
from proximal to distal. adaxially to abaxially,
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and we interpret these as molds of seeds. We
estimate there would have been approximately
ten to 20 seeds i1n each follicle. In his onginal
description of the species Lesquereux (1892)
mentioned transverse undulations in some fol-
licles that may also reflect the positions of seeds.
In USNM 326817, the cast of the inner locule
surface shows a distinctive rugulate-striate pat-
tern oriented proximally to distally, adaxially 10
abaxially, but in all other specimens the locule
surface 1s smooth. Reconstructions of the Les-
queria follicles are given in Figure 42E-G.

In his discussion of W. hespera Wieland (1928:
46) mentioned ““three scale-like bodies about eagh
sporophyll or unit.”” Each of these sporophylls 1s
equivalent to what we interpret as follicles. We
have seen no good evidence of any organs at the
base of each follicle but the cavities that Wieland
interpreted as ‘scale-like bodies’ are visible on
FM-P3056, and in his original specimen PMNH
2405 (Figs. 15, 16). In our view these cavilies
are spaces remaining between the follicles that
were not filled by either sand or mineral dep_O‘
sition during fossilization, and they are quite dif-
ferent from the cavities formed as molds around
the plant tissues. In places mineralization Seems
to have followed the plant surfaces but did not
completely fill the cavities between thelq, paf
ticularly where no sand had penetrated. Similar
cavities occur occasionally between the tWO ter-
minal prolongations of the follicles, an unlikely
position for scales. Where they occur, these cav-
ities are irregularly arranged and are completely
absent from USNM 2782, 50598, and UKDSC
203.

COMPARISON WITH FossiL PLANTS

Although the holotype of Williamsonia elo-

. Bt e -bs n
cata Lesq. is lost, from the ongmz}l dc?sCflP?‘O'
and illustration we have no hesitation in assign

ing our specimens to this species and establiSh}::
UKDSC 203 from the same geological formati

and the same geographical area as a neotyP®

Williamsonia hespera Wieland (1928) and 150

etites sp. (Brown, 1958) are clearly the sarm -
species. Seward (1917) and Wieland (1928) ques’
tioned the assignment of W. elocala and W
pera respectively to the genus Williamsonid.
confirm their opinions and have no dou

hes-
we

bt thal

: 2 S 2 A es
llamsonia we would expect interseminal scal

-

both species belong neither in Williamsonid no? )
the Bennettitales. The structures at the apex (?.

the receptacle are follicles with a distinct lonf‘.;' :
tudinal adaxial suture and contain seeds. In s ‘

&
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among stalked ovules, with bracts (‘perianth’)
below (Harris, 1969). In our view Lesqueria elo-
cata is clearly a multifollicular angiosperm fruit.

The reassignment of “Williamsonia™ elocata
to the angiosperms calls into question the rela-
tionship of other poorly understood Cretaceous
Williamsonia-like plant organs for example: Pa-
laeanthus hollickii Seward & Conway (1935a)
from the Upper Cretaceous of Kingigtock, West
Greenland; Palaeanthus tenuistriatus Seward &
Conway (1935b) from the Upper Cretaceous of
lgdlokunguak in the same area; Palaeanthus sp.
Seward & Edwards (1941) from the Palaeocene
of Kangerdlugssuak, East Greenland; Palaean-
thus prindlei Hollick (1936) from the Palaeocene
of Alaska; Williamsonia cretacea Heer (1880)
from the Upper Cretaceous of Atanikerdluk, West
Greenland; Williamsonia reisii Hollick (1906;
Leppik, 1963) from the Upper Cretaceous of Sta-
ten Island; Williamsonia delawarensis Berry
(1916) from the Upper Cretaceous of Maryland;
Velenovskia opatovicensis Knobloch (1974) from
the Cenomanian of Czechoslovakia; and many
other poorly known species that might be inter-
preted as angiosperms just as easily as bennet-
utaleans on the data available. We have seen
none of the original specimens, but these and
similar species would be worth reexamining. We
have, however, examined specimens of two Wil-
liamsonia-like fossils, Williamsonia? recentior
Dawson and the type species of Palaeanthus, P.
problematicus Newb.

Williamsonia? recentior Dawson (1886; Sew-
ard, 1917; Bell, 1956) is from the ‘Upper Blair-
more Flora’ of southwestern Alberta, generally
accepted as of Albian age (Glaister, 1959; Norris,
1964; Rudkin, 1964; Mellon, 1967; Price & Mo-
untjoy, 1970; Stelk, 1975; Stott, 1975; and Singh,
1975). The holotype of the species (Fig. 37) 1s
preserved as a compression in an indurated grey
Sha.le. It shows a head of numerous, apparently
helically arranged, follicles with indications of
Scars below. The follicles show curvature similar
'0 those of Lesqueria. We estimate that the gyn-
o¢cial zone bore about 150 to 200 follicles. The
gener.a] appearance of the head (but not of the
fmainder of the receptacle) is similar to L. elo-
“ala. The scars and remainder of the receptacle
4r¢€ more similar to Archaeanthus linnenbergi
(Dilcher & Crane, 1984).

Tl?e original material of Palaeanthus proble-
"Malicus described by Newberry (1886, 1895) is
rom the Amboy Clays (Raritan Formation) of
New Jersey, which are generally regarded as of

Middle to Upper Cenomanian age (Christopher,
1979 and references cited therein). We have not
seen the specimens described later from Gay
Head, Martha’s Vineyard (Hollick, 1896, 1906)
and Glen Cove, Long Island (Hollick, 1912) but
from the illustrations judge that they may be a
different taxon. The specimens from New Jersey
(Figs. 38—-41) are preserved 1n a grey micaceous
silty-clay, and although organic material may once
have been present, most of it 1s now missing.
However, the impressions show heads of about
50 to 80 follicles, some with a longitudinal adax-
ial suture; these are surrounded by another zone
of more or less linear, to narrowly trangular,
structures. Two of the best of these structures on
one specimen (New York Botanical Garden,
11420G, now at PMNH) show a prominent bi-
lobed expansion at the apex. Several authors have
discussed the botanical relationships of P. prob-
lematicus (Newberry, 1895; Stebbins, 1940;
Cronquist, 1955) and suggestions for closest rel-
atives have ranged from Williamsonia to the
Compositae. In our view, P. problematicus is an
angiosperm fruit of many follicles and 1s very
similar to material collected from the Dakota
Formation of Hoisington, Barton County, cen-
tral Kansas (IU 15706) (Figs. 33, 34, 36). One
specimen from Hoisington (Fig. 35) 1s more sim-
ilar to Archaeanthus linnenbergeri (Dilcher &
Crane, 1984). Liriophyllum leaves, probably be-
longing to the Archaeanthus plant, also occur at
the Hoisington locality.

Palaeanthus problematicus and “Williamson-
ia’’ recentiortaken in conjunction with Lesqueria
elocata and Archaeanthus linnenbergeri unam-
biguously demonstrate the diversity and ubig-
uity of polycarpic flowers among mid-Cretaceous

early angiosperms.

COMPARISON WITH RECENT PLANTS

Among Recent angiosperms, Lesqueria 1s most
similar to polycarpic taxa, most of which occur
in the Magnoliidae. The Lesqueria head of fol-
licles most closely resembles those of Magnelie-
tia (Magnoliaceae; Canright, 1960) and Talauma
(Magnoliaceae). Magnelietia hainanensis has a
tight ovoid cluster of carpels borne on a swollen
distal portion of the receptacle. The receptacle
in Himantandra is similar but much smaller. In
Talauma (Fig. 46) the cluster of carpels at flow-
ering stage is very similar to the head of follicles
in Lesqueria. Annona, Dugetia (Figs. 43, 44)
(Annonaceae; Fries, 1931, 1934), and Schizan-

dra (Smith, 1947) also show tight clusters of car-
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FIGURES 33-41.  Mid-Cretaceous angiosperm fruits showing clusters of follicles. 33-36. Unnamed specimc:;
from the Dakota Formation, central Kansas. 37. “Williamsonia™ recentior Dawson from the Blairmore Gr0

(Albian) of Alberta. 38-41. Palaeanthus problematicus Newberry from the Amboy Clays (Ral'i“‘“‘"middle ;0 :
ate “enomanian of New Jersey).—33. IU 15706-3078; x1.—34. IU 15706-3077; x1.—35. IU 15706-3084%
x0.5.—36.1U 15706-3083; x 1.—37. Geological Survey of Canada 5105; x 1.—38. New York Botanical Garden |
(NYBG) s.n.; x1.—39. NYBG 11447G. Newberry (1895, pl. 35, fig. 7);: x1.—40. NYBG 11420G, Newberry
(1895, pl. 35, fig. 6); x1.—41. NYBG s.n., Newberry (1895, pl. 35, fig. 2): x 1. :
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FIGUure 42 Lesqueria elocata Crane & Dilchor, comb. nov.—A. Diagram of the Lesqueria receptacle apd
Altached organs: fo, tight clusters of follicles; gz, swollen gynoecial zone of the receptacle; uf, upper flaps forming

4 collar; If, lower flaps; br, constriction at the base of the receptacle; ba, broken base of another receptacle; va,
Vegetative axis.—B. Drawing of an upper flap in the collar region removed from the receptacle.—C. Drawing
of lower flap removed from the receptacle.—D. Diagram showing the anatomical structure of the receptacle
base: ¢, cortex: X, Xylem; p, pith.—E. Reconstruction of a single follicle. —F. Section through follicle: ac, adaxial
Cr!:st;.ar » abaxial ridge: Ir, lateral ridge; s, seed. —G. Diagrammatic median longitudinal section of a single follicle
sh°“’“\8 position of seeds.
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Pels, but in Schizandra the receptacle elongates  Lesqueria. All, however, are biscxfual and would
dramatically at maturity. None of these genera, be consistent with an interpretation of the per-

0wever, have the gynoecial zone at the apex of  sistent upper flaps in Lesqueria as stamens.
4 long cylindrical receptacle, such as occurs in Whatever the botanical nature of these flaps,
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FIGURES 43-46. Fruits of Recent plants with numerous follicles. MO, herbarium of the Missouri. Bot;gzcﬁl
Garden.—43. Dugetia uniflora (Dun.) Mart., Brazil, MO 2765089; x 1.—44. Dugetia cordata R. E. Fries, 1 umt;
MO 2873354; x1.—45. Anaxagorea sp., Venezuela, MO 2726969: x1.—46. Young multifollicle of 7ala

sp., Panama, MO 2778717; x1.

gradual transitions between different floral or-
gans are common 1n plants with numerous floral
parts. Gradual transitions of stamens into tepals
occur, for example, in Eupomatia, Paeonia, and
the nymphaeaceous genera Euryale, Nymphaea,
and Victoria (Moseley, 1958). However, we know

of no Recent angiosperm in which the length of

the non-gynoecial portion of the receptacle is as
elongated as 1t 1s in Lesqueria. Another unusual
feature 1s the persistence of the flap-like floral
organs below the follicles. Many parallels exist
in the Magnoliidae, however, for the clustered
arrangement of flowers in Lesqueria. The Irreg-
ular cymose inflorescences of some Annonaceae,
for example, are quite similar.

The double follicle tip in Lesqgueria is similar
to the double style of Austrobaileya (Endress.,
1980) and Goniothalamus (Annonaceae). The
fruits of these genera are not follicles. however,
and the two styles do not persist to fruit maturity.

Although 1t 1s clear from this brief review that
some Magnoluidae have various features that are

similar to those of Lesqueria, we Know of no
Recent plant that has the combination of Lo
merous, helically arranged, dehiscent follicles
with bifid tips borne in a swollen head al the
apex of a long receptacle bearing numerous, per-
sistent, spirally arranged, laminar structures.
Further comparison of Lesqueria with RCCC"}
angiosperms is limited by lack of knowledge ©

other parts of the plant, including wood, leaV;S,
staminate floral parts, and particularly by 1€
uncertainties over the interpretation of the lams
inar flaps. However, it is clear that Lesquer mthle
a fruit comprised of many follicles and that 5
Lesqueria plant is an extinct angiosperm, .pro .
ably most closely related to the magnolialcd

group of the Magnoliidae.

NCE
CONCLUSIONS — EVOLUTIONARY SIGNIFICA

Lesqueria elocata contributes signi.ﬁcaﬂﬂy LO
our knowledge of the reproductive dlversn)'hw
early flowering plants. Along with Archaeaﬂlble.
(Dilcher & Crane, 1984), Palaeanthus PT¢

4
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maticus, and *‘Williamsonia™ recentior, 1t dem-
onstrates that the basic floral organization, con-
sisting of numerous, adaxially dehiscent, follicles
borne helically on the distal part of a receptacle
with another floral organ(s) below, was wide-
spread and common at an early stage 1n angio-
sperm evolution. These plants also 1llustrate the
diversity that magnoliid plants had attained some
ten to 15 Ma after the first apparently unequiv-
ocal angiosperm leaves and pollen appear in the
fossil record (Doyle & Hickey, 1976; Hickey &
Doyle, 1977; Doyle, 1978; Hughes et al., 1979).
Today the Magnoliidae are extremely diverse and

heterogeneous, exhibiting various mosaics of

primitive and advanced characters (Takhtajan,
1969; Cronquist, 1981). The fossil evidence from
Archaeanthus, Lesqueria, Palaeanthus proble-
maticus, ““Williamsonia™ recentior, and other
material suggests that the Magnoliidae were also
diverse during the mid-Cretaceous. Extinction of
some of the mid-Cretaceous magnoliid diversity
may well account for some of the large morpho-
logical gaps that separate the Recent genera and
families in this group.

It is important to recognize that these mag-
noliild flowers occur contemporaneously with
other very different kinds of angiosperms, in-
cluding bisexual, unisexual, and evidently insect
and wind pollinated forms (Dilcher, 1979;
Viilkhrameev & Krassilov, 1979; Retallack &
Dilcher, 1981: Dilcher & Crane, 1984). However
the mid-Cretaceous magnoliids are of particular
mte.rest in relation to concepts of the primitive
angiosperm flower. The current, most widely ac-
Cepted view, based almost entirely on compar-
atn{? Studies of living plants, is that the Mag-
noliidae, and in particular the Magnoliales, are
th? most primitive living group, and that the
Primitive angiosperm flower was of generalized
magnoliid construction (Bessey, 1897; Arber &
Parkin, 1907; Bessey, 1915: Cronquist, 1968;
Takhtajan, 1969; Hutchinson, 1973; Cronquist,
‘?81). The hypothetical primitive flower 1s en-
vIsaged as radially symmetrical, bisexual, and
“Ntomophilous. The receptacle would have been
elon_gated, bearing numerous helically arranged,
P“d‘ﬁel‘entiated perianth parts, numerous lam-
‘Nar stamens, and numerous free, conduplicate
“arpels that dehisced at maturity along an adaxial
suture. The carpels would have contained nu-
Merous ovules that developed into many large
*eds (Takhtajan, 1969). Although no known
fossil .plant shows precisely this hypothetical
C:mbmation of characters, Lesqueria, Archaean-
‘hus, Palaeanthus problematicus, and * William-
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Figure 47. Reconstruction of the Lesqueria elo-
cata fruiting axis.

sonia” recentior conclusively establish that some
of these allegedly primitive features are also an-

cient.
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